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THE DETERMINATION OF MANGANESE IN POTABLE 
WATERS 
Enw ARD BAR'I'ow and HARRIS THOMPSON 
A deposit containing manganese, found in a water pipe at the 
State University of Iowa led Bartow and Bailey 1 to investigate 
waters of Iowa City, and to adapt the periodate method for man-
ganese in iron, to the determination of manganese in water. Man-
ganese in quantities above 0.1 p.p.m. is objectionable in a water 
supply. It deposits in the cold water pipes as a dark brown gummy 
sludge of the hydrous oxides, which is often so extensive as to 
cause complete stoppage. Manganese also incrusts the sand of filter 
beds, causing caking and poor backwashing of filters. 2 Manganese 
stains plumbing and discolors goods in the laundry. 
The water supply of the State University of Iowa comes for the 
most part, from two wells, No. 1, which (2-22-29) contained 0.02 
p.p.m. of Mn, and No. 5, which (3-15-29) contained 0.80 p.p.m. 
of Mn. The composite as pumped into the mains (2-22-29) con-
tained 0.28 p.p.m. of Mn. Well No. 5, which contains the most 
manganese has been in use two years and during this time man-
ganese deposits have stopped the cold water pipes in the Law 
Building, Physics Building, University Hall, Old Capitol, Liberal 
Arts Building and the greenhouse. Raw water entering the city 
water purification plant at Iowa ,City ( 3-28-29) contained 2.20 
p.p.m. of Mn, while the manganese content of the effluent ( 3-28-29) 
was 0.14 p.p.m. An analysis of the filter sand gave 72.8% Si02 , 
and 12.66% Mn02 • No operating difficulties due to manganese 
dioxide incrustations have been experienced at this filter plant. 
The oxidation of manganese to the permanganate ion by potas-
sium periodate in nitric acid solution was used by Willard and 
Greathouse 3 in determination of manganese in iron. 
2 Mn(N0 3 ) 2 + 5KI04 + 3Hp ~ 2HMn04 +SKIO~ +4HN03• 
The method was rapid and accurate. Increasing concentrations 
of acid or periodate, above the minimum amount required, speeded 
1 Proc. Iowa Academy Sci., 34, 191. 
2 Wilfred, F. Langlier, Operating Experiences with California Water Purification 
Plants, Municipal News and \Vater Works, 76, 53, (1929). 
3 Willard, Hobart H. and Greathouse, Lucien H. The colorimetric determination of 
manganese by oxidation with periodate. J. Am. Chem. Soc. 39, 2366-77 (1917). 
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up the oxidation process. The periodate oxidized any chloride such 
as HCl to free chlorine so that the presence of small amounts of 
chloride did not interfere with the oxidation. 
2HC1 +HI04 ~ Cl2 +HI03 +H 20 
Ammonium salts had no effect on the oxidation. 
The periodate method for determination of manganese in iron 
and steel has been found very satisfactory at the State University 
of Iowa. 4 In 1927 when "William T. Bailey was making a survey 
of Iowa City waters for the presence of manganese 5 Stephen 
Popoff and Jack J. Hinman suggested that the periodate method 
be adapted to the manganese determination in water. It seemed 
to be very satisfactory but only a few comparisons with standard 
methods were made. In the present investigation we have extended 
the analyses of Iowa City waters and present a careful comparison 
of results of analyses of waters for manganese by the periodate 
method, with those obtained by the ammonium persulphate and 
sodium bismuthate methods>, with spedial regard to accuracy, 
speed of analysis, and special apparatus necessary. For the am-
monium persulfate and the bismuthate method, Standard Methods 
of Water Analysis were used. For the Iodate method, we have 
that given by Bartow and Bailey ( 5) as follows : 
Method of analysis. 200 cc. of each sample was concentrated 
to about 10 cc.; after acidifying with 5 cc. concentrated HN03, 
free from oxides of nitrogen, 5 cc. sirupy phosphoric acid, to 
prevent iron color interfering, and 5 cc. of concentrated nitric acid 
were added and the solution boiled a few minutes in an erlenmeyer 
fl.ask. Then about 0.3 gram KI04 was added, and the solution boiled 
until the maximum color appeared, which usually required but a 
few minutes. The solution was then allowed to cool, placed in a 
Nessler jar, diluted to 50 cc. and compared with jars containing a 
knovvn amount of permanganate which had been made by treating 
a standard solution of manganous sulphate in the same way. Dilu-
tions of oxidized samples may be made with distilled water if 
necessary to bring it into the most accurate range for color com-
parison. 
Reagents necessary. 
1. Sirupy phosphoric acid - concentrated. 
2. Cone. HNO,- C.P. 
3. Crystals of KIO. C.P. 
4. Standard solution of MnSO. -1 cc.= 0.1 Mg of manganese prepared as 
in A. P. H. A. Standard Methods of water analysis. 
5. Standard solution of KMnO, -1 cc.= 0.01 mg. of manganese. 
4 Stephen Popoff, Quantitative Analysis, P. Blakiston's Sons & Co. 
5 Bartow, Edward> and Vl. T. Bailey, Manganese in Iowa City waters, Proc. Iowa 
Acad. of Sci., 34, 191. 
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Fifty cc. of the standard MnS04 solution was oxidized with 
KI04 and diluted to 500 cc. vVhen so treated it was found to 
retain its color for a long time (several months) if an excess of 
HN03 is added and a slight excess of periodate is used in oxida-
tion. 
A comparison of the accuracy of the methods under ordinary 
conditions was first made (Table I). Known definite amounts of 
Table I -Determination of Manganese. Known Amounts Added to Tap 
Water 
SAM- STANDARD MA"fGANESE 
:M:ANGANl!SE FOU D . BY 
CHWR-
PLE MNSO, TAKEN 
AMIYIO"fIUM' SODIUM POTASSIUM 
IDE CL. 
No. cc Pl\R 1 P.P.M. PERSULFATE BISMUTHATE PERIODATE P.P.M. 
P.P.M. P.P.M. P.P.M. 
1 none 0.075 0.075 0.075 0.075 25.0 
2 1.0 0.175 0.20 0.20 0.20 25.0 
3 2.0 0.275 0.30 0.30 0.30 2.5.0 
4 4.0 0.475 0.5 I 0.50 0.50 2.5.0 
5 6.0 0.675 0.7 0.70 0.70 25.0 
6 8.0 0.875 0.9 0.90 0.90 25.0 
7 10.0 1.075 1.1 1.1 1.1 25.0 
8 14.0 1.475 1.5 1.5 1.5 25.0 
9 18.0 1.875 1.8 1.9 1.9 25.0 
10 20.0 2.075 2.0 2.1 2.1 25.0 
Standard MnS04 solution were added to liter samples of tap water, 
analyses of these samples were then made and the amount taken 
compared with that found. The tap water contained 0.075 p.p.m. 
of Mn, so that in each case the theoretical quantity was 0.075 
p.p.pm. of Mn plus the added MnS0 4 • The periodate method 
checked perfectly with the sodium bismuthate, but the results by 
both these methods were .025 p.p.m. higher than theoretical. It 
was practically impossible to check results closer than .025 p.p.m. 
using 50 cc. Nessler jars for comparisons, unless dilutions were 
made and the colors compared at very low concentrations. Some 
difficulty was experienced with the ammonium persulphate method 
because it did not oxidize the manganese to a true permanganate 
color. 
A comparison was made to determine the effect of high chloride 
and organic material content on the accuracy of the periodate 
method (Table II). Enough cane sugar was added to 9 1. of 
tap water to make 57 p.p.m. and enough fused NaCl to bring 
the Cl radical content up to 500 p.p.m. Aliquot portions of the 
nine liters of tap water were removed and known amounts of 
Standard MnS0 4 solution added. The tap water contained 0.09 
p.p.m. of Mn, so that the theoretical amount was b.09 plus the 
added MnS04 • 
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Table II -Determination of Manganese in Presence of 5 p.p.m. Sugar and 
500 p.p.m. Chlorine 
STANDARD 
M I .:\fANGANESE FOUND BY 
SAMPLE 
ANGANESE 
MNSO, TAKEN AMMONIUM SODIUM POTASSIUM 
No. 
cc. PER 1. P.P.M. PERSUI,FATE BrsMUTHAn~ PERIODATE 
P.P.M. P.P.M, P.P.M. 
11 none 0.1 0.10 0.09 0.09 
12 1.0 0.2 0.225 0.2 0.205 
13 2.0 0.3 0.325 0.3 0.325 
14 4.0 0.5 0.50 0.5 0.50 
15 6.0 0.7 0.70 0.7 0.70 
16 8.0 0.9 0.90 0.9 0.9 
17 10.0 1.1 1.1 1.1 1.1 
18 14.0. 1.5 1.5 1.5 1.5 
19 18.0 1.9 1.9 1.9 1.9 
20 20.0 2.1 2.0 2.1 2.1 
The results of analysis by sodium bismuthate and periodate 
agreed within the limit of experimental error (previously ex-
plained), and check with the theoretical quantity. The animonium 
persulphate method was satisfactory in every case except No. 20 
where difficulty was experienced in getting a true permanganate 
color. 
A comparison was made to determine the effect of ammonium 
salts on the accuracy of the periodate method (Table III). Enough 
Table III -Determination of Manganese in Presence of Ammonium Salts 
STANDARD 
I MANGANESb: FOUND BY 
SAMPLE MANGANESE AMMONIUM SODIUM POTASSIUM 
No. MNSO, TAKEN PERSULFATE BrsMU'I'HATE PERIOD AT]\ cc. PER 1. P.P.M. P.P.l\f. P.P.M. P.P.M. 
----
21 2.0 0.2 0.2 0.25 0.2 
22 6.0 0.6 0.6 0.6 0.6 
23 10.0 1.0 1.0 1.0 1.0 
24 14.0 1.4 1.4 1.4 1.4 
25 18.0 1.8 1.8 1.8 1.8 
urea was added to samples of distilled water so that the nitrogen 
content was 100 p.p,m. The urea hydrolyzes to ammonium nitrate 
on boiling with nitric acid and is similar in composition to nitrogen 
compounds likely to be present in water supplies. Known definite 
amounts of MnS0 4 solution were added and the solutions analyzed. 
The results by the perioclate method checked perfectly with those 
obtained by the persulfate and the sodium bismuthate methods, and 
with the theoretical quantities of manganese added. 
Twelve samples of water were obtained and the manganese de-
termined by the sodium bismuthate, ammonium persulfate, and 
potassium periodate methods (Table IV). The total iron, chlorides, 
and alkalinity to methyl orange, was also determined on these sam-
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Table IV -Determtnation of JV!anganese in Iowa Waie1·s 
SAM-
MANGANESE FOUND, BY 
PLE AMMONIUM SODIUM POTASSIUM 
No. 
LocA'l'IO:'! SouRCE PERST.:LFATE BISMU'rHA'rt: PERIODATE 
P.P.M. P.P.M. P.P.M. --
Dr. \V. N. Moore, \Vest 
26 Branch, Iowa Deep well 0.03 0.03 0.04 
27 Pohler's Grocery, Ia. City Deep well, 143 ft. 0.02 0.025 0.025 
28 s. u. I. Well No. 1 0.02 0.02 0.02 
29 s. u. I. Composite as pumped 2/22/29 0.28 0.25 0.25 
from wells 1 & 5 
30 S. U. I. Well No. 5 0.80 0.80 0.80 
31 W. H. Thompson, Lisbon Shallow well 45 ft. none none 0.02 
32 City \i\Tater, Mt. Vernon Deep weU 300 ft. none 0.02 none 
33 City \Vater, Lisbon Flowing spring none none none 
34 Englert Ice Co., Iowa City Deep well 680 ft. 0.09 0.08 0.09 
35 Englert Ice Co., Iowa City Above water softened with none none none 
lime 
36 Infiltration gallery Raw water as pumped into 2.20 2.2 2.2 
sedimentation basin of filter 
plant 
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ples but no relationship was found between the presence of man-
ganese and varying alkalinities, chlorides and iron. 
The periodate method of analysis for manganese is fully as 
accurate as the two methods in general use at the present time. 
The new method is much shorter than the persulphate method 
because all chlorides are oxidized to chlorine gas which is removed 
in evaporation, thus the precipitation of chlorides by AgN03 is 
unnecessary. It is shorter than the sodium bismuthate method be-
cause the excess of KI04 is colorless and soluble in the acid 
solution and need not be removed before comparing with color 
standards. A true permanganate color was always obtained in the 
periodate oxidation. The cost of KI0 4 is small because only 0.3 
gms. is needed for each analysis. No special apparatus is necessary 
for its use except 50 cc. Nessler tubes for color comparisons. 
STA'l'E UNIVERSITY oP IowA, 
low A CITY, low A. 
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